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THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF i
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794, THE TRANSMISSION OR THE REVELATION OF
I'fS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY

: LAW, N .
§' ~NOTICE: 'When government or other drawings, specifications or other ok
i data are used for any purpose other than in connection with a defi- : i
i} ~nitely related government grocurement operation, the U. S. Governmeni g
L thereby incurs no responsibility, nor any obligation whatsoever; and o
* | the fact that the Government may have formulated, furnished, or in any E
H way supplied the said drawings, specifications, or other data is not :
! to be regarded by implication or otherwise as in any manner licensing ;
; the holder or any other person or corporation, or conveying any rights :
: | or permission to manufacture, use or sell any patented invention that , :
H may in any way be related thereto. : - : ;
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BALLISTIC RESCEANCE LABORATCRIES

TECIITICAL 1I0TT 0. 1429

HPGay/SSLentz/WiWerner/rc
Aberdeen Proving Ground, Mi.
October 19€1 .

ANl MTERIM REPORT CN THE STUDY OF PARAMETZRS THAT
AFFECT THZ ACCURACY OF AUTOMATIC RIFIZS (U) .

i

\\ (mrcmssm‘ . ABSTRACT
This iataxim report is a brier suczary ~f the work being done by the

Applied Mechanics Brenck, IBL, for the All-Purpose Hand-H:1d Wespon (APBHW)

It gives some ideas of tre present trends of thought and some indications

of‘wayé to improve the accuracy of automatic fire. Detalls of the studies

a.nd the final conc: usions which might be reached will be given in subsequernt .

' repo;'ts.
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(UNCLASSIFIED) INTRODUCTION

To increase the effectiveness of the APHHV, it has been proposed to fire
a group of three rounds having e standard deviation of dispersion of two or
three mils.(l)* Experience has shown that autormatic rifles heve larger
dispersion, so the Ordnance Weapons Command requested DRL to study the various
. factors fhat influence the accuracy of the men-rifle system. It is hoped
that the results of this study will provide a guide, and-possibly some baslic

data, for designing the APHIVW,

*Superscripts in parenthesis indicate references.
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(UNCLASSIFICD) A MODCL OF THE MAN-WEAPON SYSTEM

To determine the importance of the physical parameters that affect
accuracy, it was de-ided to represent a ran-weapon syctem by & physical
model. Since the man and the weépon form a complex physical system an ermpi-
rical approach was used and the system was descrited by one combined single
model. An inertial model without constraints was considered first. It was
found that this model could not be used becruse the asctual displacement of
the third shot on th= target wac less than that predicted by the model. A
restraining tornque was then added to provide a better model.

Tre preseht model is described below:

d '/\3/ | | -

b A

RErY EF R L FREEE R ranay:

I

= the moment of 1nertia about A of the man-weapon systen.
@ = the angular displacement.
F(t) = the force produced by firing.
d = the distance from the axis of the bore to the fixed pivot A.

' L’= a constant restraining torjue.

The modelvbonsists of some unknown portion of the man which is rigidly con- ' -;:'
nected tc the .rifle and rotates avout some fixed poiant A. The mbment of -
inertia ebout A of the cumbincd masc is I. The upwurd aﬁsular mdﬁion ¢ of

the systemr is productd by the torque I(iL)d, which is opposed by a resiraining

tornque L. This restreining torque may te produced Ly the weight of the system




and/or acme unbalanced elastlc forces beiween the man and the rifle, and/or
some resistance produced bty the pivot. - (For the present time, the detalls

of these forczes, etc., are ignored.)

The equation of motlon of “his systoemm it cbtained from the sum of the
torquesabout tha fixed pivot A.  Thug, with the dot notation indicating .
differentiation with respect tc time:

T torque = 0 = F(t)d - L - I0, or
I0 = F(t)da - L. - (1)

The forCe'F(p) is produced by the powder pressure acting through the gun
mechanism. - Since ﬁhis force lasts epproximately one millisecond, At, .and .
the tihe T between shots 1is ruch greatef (Z20 s at 2C00 spm), we will ‘asgume
that the initial motion is 1mpulsive;(2) Then from the conservation of
pomentum: ' ‘
o o WV : . o
/F(t)dt ey = ('w'p + -g-} -2 g = 0.75 1b sec (2)
At o ' .

vhere W =2.31x% 1077 1be

L% ]

E
]

2.21 x 10”2 1vs

A

LECD f4/sen

0.295 ltesec .

®ix G

The integratiori of qumt_ioh (1) then yields: -
. Ié-ef'd-Lt,' 0L ¢t £
e2fa -y, T £t <£2r ' {2)

= 3gd.- Lk, 27 £t € 3T.

*See Appendix I of Beference 3.
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The right side of thie equation Is shown teoow:
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Por the later investiza®

after each shot {3 fired. The values 07 IS and IS are shown in the follow=

[

ing tatble:

time e }(7)
— —_—
{!rst shot G« & - d ' . C
y
-~ . - -~ - ki
second show A Dl - LT i Ty o e—
' )
-~ - . - - N - —e
thi]“"_ :‘:“"(‘ B 1”;’ i - C&:: 5;! ..Cl - ::'L‘

7o estabtlish th. phyzizal zcrsarntd of the medel, we wiil assume that the

anzular deflecticn ¢ can te citained vith sufflcient accuracy from the targel

pattern of a threse-round burst, “hus the deflection &t AL *he target is:
a =000 +.2t) < 6 (3
2, = (i - —:— = (+)

"a

a (3, 71 - 2LT7)

3

[}

. N )

(ST

Solving Equations (%) and (S) simiitansouslv:

2(ra, - a,)

L & cm————————
I —
L

d - ("‘1-: - Q.)

- P
‘The two nurbers, L/I and 4/I, thus provide a mode! which i3 in accord with
the otserved terge: pattern. The model can then te used %o estimate the

effects of changes of . and T on accuracy.

It is erphasized Lere trat the two nuzvers, U/I and 4/I, do not necese
airily have an impcrtan: physical zignificance. They are empiriceal and may

be different for differert mmneweapon systems.

ion, we will te interested in the motion {mmediately
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. _ It -should be noted thet the angular velocity O adds a vertical component
u, to the velocity of the projectile given by:*
u, = Ié_,' where # = horizontal displacement from A to muzzle.
The corresponding defliection on the target is
. 3
%
v .
: P
‘ In most case_s_'this effgct ia'sm;l. ' It can be calculated from the data.
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(ccrmmmvrm) RESULTS OF TARCET FIRINGS '

Previous firings of service weapons provided a good basis for establish-
ing the_model. However, it was felt that it was not feasible to evaluate
the physicel perameters from those firings and then to extrapolate the
results tdlprcvide data for the APHHW. In those firings the dispersion,
impulse, and weapon weight were considerably greater and the rete of fire
; considerably sraller therl that anticipated for the APHHW. It was therefore
‘ o decided to fire a series of tests with the Aircraft Armaments weapon which

"ia closer to the expected APHHW than the service weapons. The Weapon Systems

. laboratory coordinated the tests,'HELiprOVided the riflemen and recorded the

. data, D&PS previaed the facilities, and Aircraft Arméments  furnished the
weapon, o ‘ ’ ‘ -

- To dbtein representative data for a single condition, nine riflemen
fired bursts of three’ rounds each. The target pattern for each three-round
burst thus provide two vertical deflections* (from the first shot) which were

- used to evaluate the two parameters or the model, The resulta are shovn in

'j .Table I. The stan@ard deviations of a/1 indicate that there is’ little signi-

;j:;f(cant difference frem rifleman to rifleman. Thus; 1t s reasonable to use -

"' the mean value of d/I to charaeterize the group. This mean value is not -
" every precise, as indicated Ty its standard deviation. The same generai ‘
'};'remarks apply to the parasmeter L/I. It appears that there 18 no correlation‘
- between. these results from sutomatic fire.and the rifleman's rating with the
'rthﬂeﬁirle vhich 18 besed on his ability to fire aingle shetl accurately.

' One vny to 1mprove the accuracy is to fire at a very high eyclic rate
(‘;sc that the weapon hes 11tt1e time to move between ahots.‘ To provide an
'ieltimnte of the rate necessary to accomplish this, & curve of 05 versus rate"

B zﬁﬁe horizontal deflections generally were small and felativelyrinEOnlisteht
80 that they arc not of primary interest at this tine.

f=**Aiming error hes been "stripped out" of the sutomatic fire data b; using the
. target impact of the first round as the origin of the coordinate system.
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TABLE I

CAICULATTD VAIUES FOR L/I and d/I BASED ON THE
VERTICAL DISPERSION ON THE TARGET

Pating
of

Rifleman
on No. of -aL

L d
Ml Rifle Riflersn Hel~ht Weight Burct I -3 I

Ibs . gec T gec © 1v T gen

6'1" | 180 10 4.8 &€.2 0.57h

5'9" 160 10 - 27.8 13.1 0.933

Expert
60" . 210 5 19.1 11.0. 0.674

g a W >

64" 215 5 3.5 23,2 0.312

. 519" 155 5 15.0 10.5 0.563
Sharp- F - 571" 200 5  19.0 6.7 0.705°
5'10" 165 5 17.0 10.T 0.636

td

Q

6.9 9.0 0.297
516" 150 5 6.2 10.1  0.662

Mean 5'11" 179

v

60" 190

-

16.7 1l.2 0.62k
v T.3*
*Calculated 'fro;n preiribusé ‘eolmm

wé = weight of weapon = h 70 lbs.

I, = moment of inertia of veapon about the CG = 0, 106 lb ft lec .

cG

In moment of inertia of weapon about tha center of butt plate L] 0 h}h 1b ft sec,’

.R 0. 78 Ibs sec (aee P 7 )

0.202
0.276
0.251
0.597

0.266
0.209

0.239
0.2
0.257

0.280
0.203%

2,
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. wes calculated from Equation (5) us! ng the mean valuea of d/I and L/I obtained
from the firing data. The reaults are shown below.

G,‘ ve Shots Per Minute’

Y

1,000 3,000 ' . 71.10,000

"~ shote. per minute

 Tote thut 1: 05 rust be equal to or less than eight mls, the cyclic rate B

should 'be about 10 000 shots per minute.,

"
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(CONFIDIKJTIAL) METHOD» or MROVDIG THE ACCU’?ACY

A Experience and previous investigations have shwn that the drop of the u
stock plays an important part in the climb of the target pattern of a rifle. ' o
Since .1 ‘straight stock reduces the climb, we will make a few rough calcula- .

. tions to 1nd1cate "how atraight' a stock must be to meet the desired accuracy
of the APHHW

. Assume, for simplicity, thet the rifle is pinned at the man's shoulder
which 18 rigid, as in Reference 3. A diagram of a probable weapon is shown
below. . ' Ce

¥, —— —3 »
‘ (e . ' _ . g o
1= 1.56 £t
Wa u 70 v '
2
ICG = O 106 lb ﬁ'. sec’
w2 2

T=Tgg+ oy °h561‘0ftlec
T . 0. 030 sec (2000 epm)
: \i" 0.783 1b sec. 4 ‘ ’ | )
For imxllive loading, Fq\mtion (5) p:pnec %0 that: PR

2
3%"21‘

'I'o further simplify thc problem, it vill be ulumed thn’b the mn exertn no
, restr&inlng torque, (L = 0) d.uring the burst. Them: ..~ . .

0,1

e

&
A
3
¢

S TR
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'The graph belcw shcvs the calculated values of Q, vs d for various rates ' '

3
of fire. . e

15 ‘ — _' - : : ~ . ‘ | ' ;3 .

3 B . ] | i
¥ 10 : —_— i

:\ o 1200 By - E

——t - | B

' . C -l 0.2 Oc 3 0. + i Oo ] ;

‘ 4, inches C o AP g

If we say that O, mist be sbout four mils, then d should be about 0.28 inch
for a weapon firing 2000 spr. It is important to remember that d rust be

small fcr the straight stock weapon because the cyclic rate or conventional
gun mechanisms appeare to be limited to about 300C spm. The variation of 4
‘from man to man may be relatively large and thus be detrimental to the accuracy.

The "sort" recoil system* also has been proposed to jmprove the accuracy.
By the methods used to derive Equation (5) and those of Reference 3, it,can‘.
be shown that for a rifle with a perfect soft recoil system: | '

5 - -(Fﬂ - L) 2'1‘2 " P = average recoil force
or
a L
PR A L

- A comparison of the above equation vith Fquation (5) shows that d for a
wespon with a soft reeoil system is three hnlvan of that for tre ordinnry‘
' veapon - & rather small difterenco. :

¥See Appendix 11l of Reference 3.
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The tem (Fd L) represents a constl.nt unbelance torque e.cting on the '

rifle during the burst of three rounds. To show the mportance of this
torque on 9@,, the relation is shown below for various rates of fire froma
pivoted rifle vith the same momert of inertia as the Aircraft Armaments!

rifle.

15

oty g | st

'é / R u0°°_9,
o 5 / : - I
0 -2 _ L 6 ,' © 8 10

unbalance torque (Fa - L), ft-1bs

Observe that for small dispersions the desired a.verage unbala.nce torque must '

be very small.

" It has ;llo been proposed to remove the men from the system bece.use it

appears that the man cannot control or u.dequately keep the rifle on the

target. From a theoretical point of view, some mechanical device might be

used ‘to provide this decoupling. However, the device must be ra.ther precise

and 1mensit1ve to the differenf weights and sizes of dirferent riflemen.

In any case, the deeoupling must be such that the evemge torque usociated

4 the accurscy of the APHHW,
'better m-ight of the nature and the mgnitude of this porticnla.r moblm. .

: vith elther inertiel, reaction, or rriction toreea mmt ‘be ‘eu then that
' lho\m in 'che obove graph. CRNTIRINE S
'meu comments do not 1mp1y the.t mecha.nical ndumwm not improve .

‘It is hoped that the comentn vill provide




(uncismmn) ' RECOMMENDATIONS

. In view of the present situation and the stringent limitation on the
dispersion (0 ) of the APHHW, it is recormended thiat:

a. Mutiple projectiles end mltipie~-barrel wea.pons be given considera.tion. 3

" Any mechanical device for improving the a.ccu.‘ra.cy should be evalue.ted
and ‘should show promise ‘before an extensive test program is 1nitiated.

c. Target firings of weapons like the expected APHEW be carried ou’c o
at much higher rates to check the model over a wider range. , I i

”“’7 i

H. 2. GAY

s

S. S. m
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W. M. WERNER
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